^ELECTRICAL MEASUREMENTS AND THEIR INDUSTRIAL APPLICATIONS 


THE 



FIFTH ARMY-NAVY “E” AWARD 
TO GENERAL RADIO COMPANY 

• A FOURTH STAR for our ban¬ 
ner, marking the fifth Army-Navy Pro¬ 
duction Award, was granted to the 
Cieneral Radio Company on Dec-eml>er 
23, 1944. Vi e are proud of tliis recognition 
of our efforts, and it gives us pleasure to 
be one of the few in the electronic industry 
that have received the award for the fifth 
time. 

The production of pre<*ision electronic 
test equipment is a highly S{)eciali 7 XMl 
business. Test ecpiipment is pro<iuccd in 
a wide variety of designs for its many uses, but only in relatively small 
quantities of each. 

Vi'ar requinmients have increased the deman<l for our test equip¬ 
ment many-fold. Vi e were faced w ith the pn>blem not of conversion to 
war materials prinluction, but of increasing |)eacetime volume suf¬ 
ficiently to meet the demands of war. However, even the requirements 
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for war an* iisiiall\ iiol sunTiciiMit to 
|N‘rmit iiias^-pro^liu’lioii inelhodji/rhere- 
fon*. ollirr iiiruiis of rxpaiisioii liail to 
1 n‘ foiiiul. 

'riit* iiiaiiitciiaiKv of <|iialil\ ami piv- 
rision re^anil<*ssof quaiitit> isa primary 
ronsi<lf*ralion. 'PlifM* fan only Im* cfFfc- 
tiv»*U inainlaimMl l»y flont* sii|>(‘rvision 
of llif tinal maniifarluring (»|H*ralions. 
ififlmlin^ final asst^inbly. ralihration. ami 
If^l. To a^siirf this at (ifiifral Hailio we 
lia\e kept these o|N‘rations iimler our 
own rm>f. where laith the liest faeilities 
ami the im»s! ex|i«*rienee(l jiersonnel are 
aN ailahle. 

V large pari i>f the other nianiifaeliir> 
ing ojieralions have Imh'II siiln’oiitrafted, 
f or inslanee. s<*veral exeelleiit inaehine 
shops have U'en l«H*ale(l. where many of 
tilt* niaehining o|H*ru(ions are iM^ng 
done. Mthoiigh thes4* shops wen* not 
previously familiar with the ty|M‘ of 
work whieh we re«piire. a group of our 
highlv skilled repn*s«*ntatives eireulate 
among them to assist them in following 
our sjK*eirK*ati(»ns and requirtunents. 
VtToss the street from our main faetory 
is liM’ated the plant of one of the largest 
eand\ maniifat'tun'rs in New l']nglaml. 
Owing to wartime rest ri<'t ions, this 
thoroughly modem plant fouml it nec-es- 
sar\ to eiirtail o|h* rat ions. Taking ad¬ 
vantage of the 4>p|N»rlunity thus af- 
fordeil. we arranged to start them in as 
a niaj«»r siilN'ontraetor. ami an entire 
lhM)r of the «-andy faetory was eon- 
verted to the pnalm tion of ele<*tronie 
eom|K>neiils. IVrsonnel skilled in <*amly 
making W4*re taught.ami ipiiekly learneil. 
the leehiiiqiies of ele<*tronie eoni|M>nent 
priHluetion. 'fliis (»ne suheontrai’ting 
arrangement alone pro> ided a most elli- 
ident souree (d suppK id vital eom|M>- 
nents whi4‘ii wouhl otherwise* have li«*en 
a serious holtlene«*k. 

Manx other pr<M*ess4*s that were 


originally |M*rformed here were also S4*nl 
out to other plants whi<'h had available 
the faeilities ami skills to |K*rform them, 
riiis extensive use of suheontraeting 
frtMMl a sizable |H)rtion of our main 
faetory hir eom'entration the linal 
pr4Mhi4'tion o|N'rations whieh are so <*rit- 
ieal in the maintenanee of tpiality. 

'fla* neivstvary expansion of the (!ali- 
bration and 'IVst l^abfiratorv entail<Mi 
most serious 4lini<*ulties. lH‘eaus<‘ the 
prcMvdures are neeessarily eomplieated 
ami <*an oidy Im* undertaken by very 
well-trained and able |N*rsonnel. 'fo 
meet this mH'il. training elassi*s were 
started for groups of femalt* employees, 
'file fumlamentals of eleetrieity and 
ra4li<» were taught, and the theory and 
praeliee of eleetronie measim*ments 
wen* gone into as far as tiiiu* {R*rniitted. 

()4‘easionally the demand for a partic¬ 
ular inslriiment has ex4'<‘eded the eapa<’- 
itx of our expamled fa<‘ilitie8. In tht*s(‘ 
<*as<*s we have tunieil over to other 
firms complete designs, drawings, ami 
imxlels for th<‘ir exclusive us«*. No 
niyalties or license fees were charg4*d. 

In common vvith every other elec¬ 
tronic prodiH'er, we were ami are faceil 
with the problem of the cmitinual sub¬ 
stitution <if materials and 4’om|Mm«*nts. 
Soim* of th«* substitutions <»f materials, 
for instam***. wen* ^-arrieil on to tin* fifth 
d«*gree. In components also, new source's 
of supply are 4'untinually being in¬ 
vest igateil t4) insure a simH>th fb»w 4if 
th4*s(* V ital 4*l4*m4*nts. 

'The Army-Navy ■'IC' award is a 
n*4*4>gnition 4if proilm'ticm achievement. 
\m>ther achi4‘vement 4>f whi4*h we an* 
pniml is the substantial iMuitribution 
that 4)ur Knginecring l)4*partment has 
bi*en able t4» make t4) th4* prosecution of 
the war by 4lev4*l4>piiient vv4irk on S4*4*n*t 
war projei’ts that the (General Ka4lio 
Omipany lias undertaken. Still am>th4*r 


C(i|iyriglil. 194.J, General na«lM> Company. Canibriilge, VlaM., I . S. A. 
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is the larg:e ainoiuit of consulting engi¬ 
neering service that has been given the 
\nnc(l Services on problems where our 
exf»erience could Ir' helpful. Many 
thousands of hours of highly skilled 


engineering service have been devoted 
to the solution of the s|RMdalized prob¬ 
lems of this technical war. Our hope is 
that we have contributeii our best 
toward an earlv victory. 


GET YOUR ORDER IN NOW 
FOR POSTWAR DELIVERY 


• YOU AREUNDOUBTEDLY GIV- 

I N G consideration to the replacement of 
some of the old test equipment in your 
|X)stwar plant with new and modern de¬ 
signs as soon as they become available for 
civilian use. A monitor for tlie broadcast 
station, a standard-signal generator for 
the receiver laboratory, ami a neyv vac- 
uum-tulK* voltmeter for general test pur¬ 
poses may lx* among the possibilities. 

A plan for accepting orders without 
priority rating now for delivery later 
when \y ar conditions |R^rmit has bt*eii in 
operation for some time. A brief men¬ 
tion of this 'Veservation-onler"’ plan 
was made in last month's issue of the 
General Radio Experimenter, L nder the 
plan we shall l)e glad to receive your 
reservation-order for new equipment of 
the latest design for delivery to you as 
soon as conditions j>ennit. 

Our reservation-order plan is very 
simple. Send us your order on your 
regular order fonn marked ^'Keserva- 
lion-order — for delivery later." We 
will fdl these orders chronologically by 
the ilate that we receive them. We 
guarantee that these reservation-orders 
will receive first attention as soon as the 
priority restrictions are lifted, that the 
latest design of equipment will be used 
to fill them, and that no other orders 
will lx* filled until all of the reservation- 
orders are taken care of. No de[M>sit or 
guarantee is required. 

Kecause you may change your rniml 


liefore shipmeui can lx* made, or lx*cause 
we may find that for some reason yve 
yvill not l»e in a fx»sitioii to supply the 
particular material called for, these 
reservation-orders may bt* cancelled by 
either of us up to sixty days lx*fore ship¬ 
ment yvould lx* made. We w ill, of course, 
advise you in time of the estimateil 
shipping date and yvill then supply you 
yvith complete s{x;cification6 and price. 

Although no public aiinounwment of 
this reservation-<»nler plan has l)een 
made until recently, it is already very 
popular, and a substantial numix*r of 
orders have been received. 

Our Engineering Department has 
been fully o<’cupied yvith research and 
development for war pur|K)8es. Out of 
these developments are emerging plans 
and designs for greatly improved post- 
yvar products. Vie ex|x?ct to have neyy 
designs available to supersede a iium- 
lx?r of the instruments listed in our last 
general catalog of Thest^ new 

products will embody the im{x>rtanl 
developments and advances that have 
lx*en made during the war years. Eor 
the pur|x)se of rew^rvation, hoyvever, 
your order may make reference to the 
noyv current tyj-X* iiuml»ers or names. 

The requirements for the Armed Serv¬ 
ices come first. When the yvar job is 
done, yye yvill convert to the production 
of the most modern designs of precision 
lest equipment for the civilian market. 
He serv at ion-orders will come first. 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 


GENERAL RADIO EXPERIMENTER 


4 


CORRECTIONS FOR RESIDUAL IMPEDANCES 
IN THE TWIN-T 


• WHEN MEASUREMENTS ARE 
MADE near ihe upper frecjueiicy limit 
of the Tyi*k 821-A Twin-T Itniiedanee 
McaHuring Network, it iKMJomes ncees- 
sary to correel the observeil reHults for 
the effeels of certain iiiulegiretl ini- 
(ledances that exist within the measuring 
circuit. 'Fhe only internal impedances 
that give rise to significant errors are the 
residual inductance and resistance of the 
precision tx)ndenser across which the 
substitution measurement is made. All 
other ini|H‘dances in wiring or cinmit 
components have Imjcii reiinced to 
negligible values or else «lo not affect 
the measurement, l)ecaust' of the sub¬ 
stitution method employed. 

In the approximate equivalent cinniit 
(Figure 1) of the precision condenser 
are shown the relative loi^ations of the 
important resitfual impedan<*es. Average 
values an* as follow s: 

Lc = 6.1 X 10-« h 
Kc = 0.026 n at 30 Me 
= 3.15 X 10-« /» 

L' =6.8XlO-*/i 



T'hese values arc all essentially iiide- 
jxmdent of the setting of the condenser 
and, with the exception of the resistance 
Re arc inde|K*nilent of frequency. The 
latter varies directly as the sijuare root 
of the frequency, inasmuch as skin-efTect 
is <*omplete at frequencies w here Rc can 
have any significant effect on measure¬ 
ments. 

The errors introiluced are, in general, 
proportional to the S(]uare of the fre¬ 
quency, to the magnitude of the suscep¬ 
tive component of the admittance being 
measured, and to the initial setting of 
the precision condenser. Because of this 
latter fact, the initial setting should 
always be as low' as possible. 


Nature of Errors 


T'he four residual inqiedances listed 
above introduce several correction fac¬ 
tors which must lie ap[>lied to the ob¬ 
served readings to determine the true 
value of the unknown admittance Yx = 
f'X -f Tlic complete approximate 

expressions that include all terms signifi¬ 
cant at any frequency within the oper¬ 
ating range of the instrument are 


— C^ ) 
1 4- «///!' 


G"(l - 

^ _ -f RctfM -I- C,) 

(1 -f uii/R'xy 

In thesi* equations the symbols that 
ap|)ear are identified in Figure 1 and as 
1k‘Iow. 

and are the effective capaci¬ 
tances between the fMiint 6' (Figure 1) 
and groiintl. for the tw<» settings of the 
precision condcns<'r. They differ from 
the direct-reading static values of ca- 


Figcre 1. Kquivalciit circuit of the precision 
condenser used in Type 821-A Twin-T, showing 
the location of residual inipeilances. 
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pa(* *ilani*e beraufte of the inductance Lc, 
in accordance with the expression 


C, 


c ^ c 

I — (jcrIj,C a 


C^) 


w here a is defined as 1 — u)‘*L.C and C 
is the reading of the precision condenser. 

'riie quantity B'x is tlie effective sus- 
ceplance difference between the two 
settings and is equal to 

B'x = a,(C^ - CJ (4) 

riie ipiantity G" is the apparent con¬ 
ductance as determined directly from 
the dial readings.^ 


Correction for Errors 


Although the above expressions are 
formidable, tlie cahmlations involved 
can be reduced considerably by the use 
of charts, together with a systematic 
tabular form of calculation. In the fol¬ 
lowing, the expressions for Gx and Bx 
are rewritten in forms that lend them¬ 
selves readily to comparatively rapid 
evaluation, using the charts presented. 

Designating the admitlam^es at the 
|K>ints // and I/' by a corresponding sys¬ 
tem of primed notation, and identifying 
the various correction factors by suit¬ 
able svmbols, we may write 



(5) 

( 6 ) 


'Fhe quantity 7 = 1 -f- ojL'B'x is the 
correction factor introduced by the in¬ 
ductance L', w hich is effectively in series 
with the unknown admittance.- 

In turn, the quantities B'x a*id G'x 
are related to the observed quantities by 


>Tb« cotiiluctaiice dial reads direcUy in /imho at 1,3. 10, 
an<l 30 nieiiacycles. At all other fre<|urncjes the reading 
munt be multiplied by the square of the ratio of the oiwrat* 
inf frei]iiency to the nominal frequency for the particular 
switch settinf used. 

* // is also in series with the inductance of any external lead 
that may be used to «x>nnect the unknown to the instru¬ 
ment. It is shown later that, because of this fact,t he chart 
for the 1/ correction may also be used to correct for lead 
indurtaiice. 


Figcke 3. Chart No. 2 for tlelerminiiig llir 
quantity 5 which is UHed to calculate the 
correction term AG. 
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Figure 2. Chart No. 1 for determining the quan¬ 
tity®. To facilitate rcatliiig the chart at low 
valucft of trapacitance. the portion below 2(M) /i/^if 
U expanded and plotted hclow the main chart. 


fi x = a.(a, - C.) (7) 

G'x = G"^ -|- Ao (H) 

G", CVi, and have Ir'cii previousU 
identified. The factor/3 = (1 — a)“G"Ce,)^ 
is the correction introduced by L". The 
<piantity Ao is the correction introduced 
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Figlthe 4. 'File correction factor i» fleter- 
minetl from Chart No. 3, shown here. Full-size 
repn^liictioiiH of these charts are available to 
users of the Twin-T upon request to the General 
Radio Company. 


hv I lie refiislaiut' Re and is given bv 
Au = Rc<^n\x{Q, + C^) (9) 

= 5/r.v(C. + C,) 



'Fhe charts give the ([iiantities a, /3, 7 
and 6 , using the average values of the 
re.sidual iin{K‘danees as previously given. 

In terms of the ipiantitics a, 7 , ami 
5, expressions I ami 2 lH‘eoine 



'ITiechartsare plotted inunitseorrespond- 
ing to the dial calibrations (megacycles, 
micromhos, ami micromicrofarads) s<j 
that no conversion factors need be ust‘d. 

The data sheet of Figure 8 tabulates 
the various rpiantities involved, in the 
secjiience they are used in arriving at the 
final answer. The use of a data sheet of 
this kind, in connection with the charts, 
reduces the amount of calculation re- 
tpiired, greatly minimizes the chances of 
error, and provides a |iermanenl and 
orderly record. 

Numerical Examples 

Several actual calculations are shown 
in the table, for different unknown ad¬ 
mittances and at several frequencies. 
'The observed data for these examples 


were as 

follow s: 

/ 

Cv 

C 2 

G" 

No. 1 

30 Me 

100.0 

388.1 

300 

No. 2 

30 Me 

250.0 

151.5 

55 

No. 3 

25 Me. 

lOO.O 

139.8 

62.5 

No. t 

30 Me 

100.0 

IIO.O 

1000 

No. 5 

10 Me 

1000.0 

142.1 

80 

Corrections for Exte 

rnal Lead 


'Fhe result obtained by the method 
descrilMMi gives the conductance and 


Figcre 5. (>hart No. 4, for determining 7, is 
given in 3 parte. Chart No. 4.\, shown here, is 
used for positive susceptances, corresponding 
to capacitive unknowns. 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 


















































7 


JANUARY - FEBRUARY. 1945 


sii8c*eptani*c of the admittant'c at the ter¬ 
minals of the 'I'win-T. In many easc^A, of 
eoiirse. the admittance to lie measured 
cannot Ik‘ brought directly to these 
terminals and an external lead must b«' 
iisetl. Such a lead will in itself introiluce 
corrtMition factors which may under cer¬ 
tain circumslances easily exceed thos<! 
prcMliiced by the internal iiii(iedances. 
even if care is taken to make the leail as 
short as |>ossible. 

The capacitance to ground «>f the ex¬ 
ternal lead introtluces no error if the 
initial balance is established with the 
leads in place but disconnected at the 
unknown.* 'Fhe inductance of the lead 
[Lt) (taiises the observed admittance to 
differ from the true admittance. Since 
the l<‘ad inductance is in series with tht* 
internal inductance L\ it is apparent 
that the correction introduced by Li is 
identical in form with that introduced 
by L\ 'Fhe correction for the series in- 
rluctame dep<.‘nds, for a given B'x, «n 
the reactance of the series inductaiue. 
Accordingly, the corrections introduced 
l>y the sum of IJ and Li w ill bf* eipial to 
the corrections that would Im‘ prodticetl 
l»y IJ alone at some higher fre<picnc>, 

* 'I'hb iNiinl !• diM'UMctl on page 13 ttf the initriirlioit Iwiok 
fur ihc Trrn 1121 A Twin-T laipcilaiice-Mraaiirini Cimiit. 



That is« 

.r=/('+^!) (w) 

where /' is the frecpiciicy at which tlie 
correction factor given b\ Clhart No. 1 
(for IJ alone) erpials the total correction 
for /y' -h Lt at the actual frequency of 
measurement if). ’Fhiis the correction 


FigcrkT. (iharlNci. 
4C’ kIiowh expanded 
the crowde<l |Njrtums 
•if I 'hurts 4A utid IB. 
For use in determin¬ 
ing lead ecjiTWtions 
(see text) a much 
wider range of fre- 
•ineney is ■>hown. 
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Fici’RE 8. Typical data ahect for tabulating the correction factorn 
and facilitating calcidatioiiH. 


for IJ and Li can la* made simnltane- 
niisly by entering Figure 4 with llie fre- 
t|uency /' an detennined by Fquation 
(10). Aliemalively, the combined cor- 
re<*tion can In* detennined from (^hart 
No. *1, using the operating frequency but 
using a value of fi detennined by multi¬ 
plying tlie actual B'x by 1 -f- Lt/L\ 

The value of Li can Im! estimated fairly 
well by calculation or can be measured 
by a metboil descril>ed in the instniction 
book (page 13). 

Although the inagnitildes of the resid¬ 
ual parameters used in preparing the 
charts are average values, the charts can 
also lie used with values as measured on 
any particular instrument by using 
methods similar to that described aliove 
for lead inductance. Ordinarily, how¬ 
ever, the use of the average correlations 

THE GENERAL RADIO 

• MODERN ELECTRONIC MEAS- 
UREMENTS often involve the use of 
square waves or pulses. For tests in¬ 
volving rise and decay time, bami width 
or transient characteristics, a steep 
wavefront is nect‘ssary. 

Square waves and pulses are essen¬ 
tially the same thing. However, in com- 


rather than those measim*d on any 
particular instrument will produce no 
significant error in the result. 

The charts and data slM*et6 repni- 
diu^d here are available in limited 
quantities w ithout charge to users of the 
Type 821-A Twin-T Im^KMlance Meas¬ 
uring Network. A set of charts and a 
quantity of data sheets will be sent ^ 
promptly iqion re<M?ipt of tlie 8t*rial 
numlier of the instrument with which 
they are to lie used. 

- Ivan (r. Faston 

ACKNOWLEDGMENT The u^e of diarta for 
determiniiig corrections on the Twin-T was 
originally suggested by Mr. Dwight Blanchard, 
of the Standards LalH»ratory, Sperry (ryroftc<»|M* 
('ompaiiy, who preftaml a set of cfiarts for Iuh 
owrn uae. 

The cbartH 8hown here differ slightly from 
those uaetl by Mr. Blanchard, but arc an out¬ 
growth of liiH work. 

PULSE GENERATOR 

moil usage the terms are generally^ used 
to difTenrntiate between rectangular 
wavefonns having respectively sym¬ 
metrical and nonsymmetricul fiositive 
and negative {portions. 

In many tyjies of work with squan* 
waves, it is necessary that the w aveform 
lie symmetrical. That is, that the posi- 
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live and negative jiorlions of the cycle 
^ In* equal in lime duration. This is particu¬ 
larly desirable in testing audio-frequency 
amplifiers or other similar devices in 
which continued application of a non- 
symnictrical waveform will cause a shift 
in automatic bias circuits. On the other 
hand, for testing circuits such as those 
us(*d in various types of timing and 
ranging equipment, extremely short 
puls(*s are preferable so that the s<|uare 
wavefomi may actually have the nega¬ 
tive |)ortions of the cycle 1000 times as 
long as the positive portions, or vice 
versa. 

With a synmictrical square wave the 
average voltage is midway lie tween the 
positive and negative {leaks. With a 
|mlse w ave, on the other hand, the aver¬ 
age voltage approaches tliat of the 
longer of the two {leaks, so that the wave 
becomes in effect a series of pulses, {losi- 
live or negative as the case may be. This 
is sltown in Figure 2. It is particularly 
desirable in many tests to modulate a 
standard-signal generator with this ty{N‘ 
of waveform, thus providing an out{iut 
which consists of a series of relatively 

Figure 1. View of the Type 869-A Puli 


short pulses of radio frequency timed 
accurately an<l with {iractically com¬ 
plete cutoff of the radio-frequency signal 
between pulses. 

The General Radio Type 869-A Pulse 
Generator has been develo{ied particru- 
larly for these a{){iiications. While this 
instrument has in the {last lieen manu¬ 
factured only for a few sfiecial a{i{ilica- 
tions, it is now available in sufficient 
quantities to bt* adiled to the regidar 
funeral Radio line of laboratory' equip¬ 
ment. 

The pulse circuit itself is of standard 
design, comprising two thyratrons, one 
of which turns the pulse on, while 
the other turns it off. Pulse length is 
adjustable from 0.3 to 70 microseconds 
by means of an adjustable time delay 
circuit which contnils the second ihyra- 
tron. An approximate calibration is 
{irovided on the {lanel so that the 
instrument is direct-reading in pulse 
length for most practical a{i{ilications. 

The {lulse rate may In* varied be¬ 
tween 20 and 4000 {N*r 8<*cond and is 
controlled by synchronization from an 
external source, which may Ik* a {»art 

! Generator, sliowing panel and controls. 
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AVERSE 


Ficl'KK 2. (jiluwe) Square Wave anil 
{lH‘loir) Pulse ^ a\e. 

of the eqiiipirieiit under test or a stand¬ 
ard aiidio-freqiieney oscillator. The only 
restriction in this frequency range is 
that pulse lengths above 10 micro¬ 
seconds cannot be used at rates above 
1000 cycles because of the deionization 
time in the thyratrons themselves. 

Tlie pulses are essentially flat-topped 
uith an effective ris«? time of O.l micro¬ 
second for pulse lengths belo>N 10 micro¬ 
seconds. For longer pulses the rise time 
is always less than 10% of the pulse 
width. 

While the pulsing circuit itself is fairly 
(umventionah certain circuit refinements 
have been added to improve the life of 
the thyratrons and to provide completely 
inde[)endent controls for pulse ampli¬ 
tude, length, and rate. The pulse length 
is independent of the load connected to 
the generator. A synchronizing anq^lifier 
of the limiting-differentiating tvfK' is 
included to pnjvide highly accurate 


timing of the pulses, even w hen they are 
controller! from a low-amplitude sine 
wave. The output of this amplifier is also 
available for triggering a cathode-rav 
os<‘illosi*o{»e, thus providing a high <le- 
gree of synchronization in the pattern 
on the screen. This is a particularlv 
im|M)rtant feature for most pulsing tests, 
since any error in the timing of the 
pulses must he small compared to the 
rise lime, or an unsteady pattern will be 
produced ujion the osc-illoseope screen, 
thus completely obwuring those very 
details which it is most desirable to 
observe. Phasing controls are provided 
to adjust the [Kisition of the pattern on 
the screen. An ost*illo8CO|M* for use with 
this pulse generator should of course be 
of the triggered-sweep variety. 

The pulse generator was originallv de¬ 
signed for modulating various General 
Radio signal generators which were in 
use in the field and which had lieen 
modified to allow pulsi* modulation. It 
is, of course, also suitable for pulsing 
various radio frequency oscillators that 
have been designed for the purjKise. 

The instrument includes a phase- 
inverting output amplifier providing 
either positive or negative pulses at 
various ini[)edance levels, as shown in 
Table I. For best pulse shajie. the low¬ 
est |K>S8ible output impedance should be 
used. The instrument is completely 
shiehled and provided with a shielded 


TABLE I 

PEAK OUTPUT VOLTS-OPEN CIRCUIT 


Output 

Setting 

Pulse P(Aarily 

Operating 

Frequency* 

Positive 

\egative 

20 KU 

1000 12 

500 12 

100 12 

100 n 

500 It 

1000 12 

20 K12 

Kaiige A 

90 

HO 

70 

20 

18 

80 

150 

300 

500 

Kange B 

100 

90 

80 

20 

18 

90 

170 

3(M) 

5(M) 

Kuiigf* C 

100 

HO 

HO 

20 

18 

90 

180 

300 

5(M1 ^ 


*Fiir other ofieratitix frcqueiirie*. Ute voltagrH will k« approximately within 2U% of the valuen Kiveii above. In Kcneral. 
(hr ri^ien cirt'iiit oiilpiit voltage will lemi to ileereaae an the p«l*^ width and operating frequency increase. 
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JANUARY • FEBRUARY. 1945 


4 -ahlr for t'oniieclioii lo a signal geii 4 ‘r- atlaplecl for making a wicle variet\ of 
ator. lliiis |)eriiiittitig ojieralion of llu* laborator) t<*st 8 ulu-n* ste«*|i wavt*fronts 
signal gt*iu*rator at Ioh carrier output are reqiiire«l. 

levels uithoiil interferemv fnnn the — ||. ||. Scott 

piils«* geiierat«>r. The pulse generator is C. \. Cady 


SPECIFICATIONS 


Repetition Rate: 20 to UMM) cycles. Pulses 
longer than 10 microsi'i'onds are limiteil to a 
iiiaxiiiiiini frcqueiic) of KMM) cycles. 

Input Voltage: Between 5-10 volts are re- 
(|iiinHl for normal control. F<»r im|>n>veii sta- 
liilily at the lowest fre<|iiencies, this ina> l»e 
increas4*<l to a maximum of .50 volts. 

Input Voltage Waveform : This is ni»t eriti- 
cal. ami may x'arx* from a sine waxe to a Iri- 
angular wave. Care must lie taken, however, to 
keep this signal reasi>nahly free from fiower 
supply hum voltage. 

Synchronizing Output: A clippe4l sine wav e 
ap|>ears arr4>ss the s\ iiehnmi/.ing output ter¬ 
minals of approximately —IfiO and -f-50 |»eak 
y<»lts. This may Im* use<l to (*<»nlnil the high* 
8pee<l sw«>ep circuit of an trscillograph. that has 
heeii proviiled with siiitahlr triggering ampli* 
liers. 

Phasing Controls: Panel controls are pro¬ 
vided to permit a<ljustahle phasing of the out¬ 
put pulse, with rt^pec't to the voltage obtained 
at the synchninixiug milpiit terminals, over a 
limited range. 

Pulst Width: T he oulfuit pulse is t*4inlinu- 
ously adjiistahle over thn*e ranges. These are 
0.3 3.0, 3-10. and 10 70 mM*roseconds. rc- 
Hp 4 ‘etively. The calihration of tlu^se controls is 
ap|>ro\imutely com*cl over the entire fre<pieiic\ 
range. 

Pulse Amplitude Control: A panel control 
|»erniils the pulse amplitude to be adjusted 
from *ero to maximum, with a negligible effect 
upon the pulse waveform. 

Pulse Waveform: 'I'hc pulse is essentially 
flat-topped, and has an effn'tive rise time of 0.1 
niicrosccon«l for pulse widths less than 10 
microsiMMimls. F»ir longer pulst^, the rise time 
is h-ss than ]0\ of the pulse width. 


Output Amplitude:.See Table 1. 
Effective Output impedances: 


Posit iev 


lm|>4‘dance- 

Selting 

20 K« j 

KMN) n I 

.54K) U 

KK) U 

< hitpiit 

Impedan<?e 

350 l.» i 

350 U 

350 IJ 

HHHf 


\*'fl[ititr 


I nipedance 

Setting 

IfMI li 


MKNI 12 

20 K12 

Output 

I mpedance 

I20 11 

5.50 n 

650 12 

1 l.<M)012 


'Phese values an* approximate, and will change 
with the loail applit*<l. due to the limiting action 
of the output amplilirr. 


Power Supply:Kither 11.5 or230 volts. 5O-b0 
cycles may be us«*d. A variation of ±. 10',, in the 
supply voltage will cause a mitmr variation in 
the output pulse amplitude, and will generally 
tend to change the pulse width. For optimum 
|>erformanee, o(»eration at the 115- or 2.50-voll 
value is rei*ommend«il. Power input is 60 watts. 

Accessories Required: To drive the gener¬ 
ator an a-c soiin'e is needed. The Ceneral Radio 
Type 01.3-B Rcat-Frt‘r|ucncv ()s 4 *illator is 
recommended. 


Accessories Supplied: A seven-fmit line 
connector cord, two Type 274-M Plugs, one 
I YPE ( ct-R2 PattTi (.ord, spare fuses, and pilot 
lamps are supplii*d. 


Tubes Supplied with 
2 — Type 6116 
I — Type 6AC7 
I — Type 6X5 
I —Type VR-I50-:J0 


Instrument: 

2 — Type 881 
I —Type 6S(J7 
I — Type 6ZY 5<; 

I —Type V R-105-30 


Mounting: Metal cabinet. 


Output Selector: A panel switch |>ermits 
any one of four imp<‘dances to be insertcil in the 
output amplifier, and also provides either posi¬ 
tive t»r negative pulses. 


Dimensions: (Lengthi P) x (linght* 9>4 \ 
(depth) \'1\^ incJies. overall. 

Net Weight!.58^ |N>unds. 


7’\y>c f.’w/c If ord l*rivv 

866-\ I Puls<* Generator. j lU.It E j 2$260.(N) 
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WHEN YOU 

With tliougand^ of orders continu¬ 
ously in process, it takes time to check 
up on the details of any one order. To 
answer (|uestioiis about orders already 
placed, we must have (1) order number, 
(2) date of order, and (3) list of material 
ordered. 


TELEPHONE 

The handling of telephone requests for 
information will l)e greatly facilitatcil if 
you ask for the jK^rson who is likely to l)c 
lK*st infonned on the matter alM^ut 
which you call. Use the following list as 
a guide, but when in doubt, ask our 
ojjerators. 


For Information On 

Call 

Extension 

13elivery of orders already placed for catalog items 

11. P. Ilokanson 

241 

Placing and delivery of orders for component parts 

P. G. Richmond 

262 

Credit. 

C. E. Hills, Jr. 

240 

Prices and delivery of equipment not yet ordered . . 
Technical information on use of General Radio 

M. T. Smith 

331 

equipment. 


332 

Maintenance anti Repair of General Radio 

) 11. II. Dawes 

261 

e<|uipment. 


2()0 

Our telephone number 

is 



TROwbridge 4400 (Boston) 


(general Radio E\PERlMEyTEH is mailed icitlumt charge each month 
to engineers, scientists, technicians^ anti others interested in communis 
cation-frequency measurement and control problems. If hen sending 
refptests for subscriptions and adtiress-change notices, please supply the 
follou'ing information: name, company address, type of business company 
is engaged in, and title or position of individual. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TROWBRIDGE 4400 


BRANCH ENGINEERING OFFICES 


NEW YORK S. NEW YORK 
10 WEST STREET 
TEL.-CORTLANDT 7-OISO 


CHICAGO S. ILLINOIS 
120 SOUTH MICHIGAN AVENUE 
TEL.-WAIASH 2020 


LOS ANGELES 31. CALIFORNIA 
1 000 NORTH SEWARD STREET 
TEL.-HOLLYWOOD 0321 
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